A study was undertaken to determine the effect of selection for high weaning weight on concentrations of plasma insulin-like growth factor I (IGF-I) in sheep and to evaluate the usefulness of measuring IGF-I as an aid in identification of genotypes with a higher growth potential. Lambs from two lines selected for high 120-d weight (HW and DH) and an unselected control (C) were weighed and blood samples collected monthly from birth to weaning (4 mo of age), A clear differentiation in size occurred after 1 mo of age between lines, between sexes, and between singles and twins. At weaning, selected lines were 3.8 and 5.0 kg heavier than controls. Plasma IGF-I concentrations were 1.5 to 2 times higher (P c .001) in males than in females after 1 mo of age. There were no significant differences in IGF-I concentration between lines or types of birth. However, line DH and single lambs on average had higher concentrations of IGF-I. Within sex and type of birth correlations between IGF-I concentrations at 0, 1 , 2 , 3 , and 4 mo and 4-mo B W ranged from -. 16 to .49 in the three lines, and most were not significant. Coefficients of variation for IGF-I concentrations (36 to 50%) were two to three times higher than those for BW (11 to 15%). Due to the high variability of IGF-I measurements, the low correlations between IGF-I concentration and BW, and the small differences in IGF-I between control and selected lines, measurement of plasma IGF-I is unlikely to be an effective aid to selection for growth rate in sheep.
term selection experiments for this characteristic that would allow study of physiological factors affecting growth and differentiation among lines have been done in sheep (See review by McGuirk et al., 1986) .
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A long-term selection experiment for high 12O-d weaning weight in Targhee sheep was initiated in 1960 and has been continued for 10 generations under range conditions (Lasslo et al., 1985a,b) . Two selected lines have differentiated significantly in weaning weight from a randomly selected control line. Postweaning growth rate of ram lambs from selected lines is also superior to that of controls (Brown et al., 1987) .
These lines provide an excellent model to study underlying physiological factors associated with genetic differentiation for growth in animals.
Studies of the mechanisms by which growth hormone (GH) stimulates somatic cell growth have led to the proposition that GH induces growth factors, such as insulin-like growth factor I (IGF-I), which mediate many of the growth-promoting actions of GH (Hall and Sara, 1983) .
The objectives of this study were 1) to determine the effect of selection for growth on circulating concentrations of plasma IGF-I in sheep and 2) to evaluate the usefulness of measuring IGF-I in plasma as an aid in genetic selection for growth at an early age in meat animals.
Materlals and Methods
Experimental Animals. The animals in this study include all the lambs produced in 1987 from two lines selected for high 12O-d weaning weight (HW and DH) and a randomly selected control (C). A detailed descrip tion of the lines was given by Lasslo et al. (1985a,b) . The animals were maintained under range conditions at the University of California Hopland Field Station. Birth of the lambs was synchronized to occur within a 7 d period in December 1986 and January 1987. All the animals were weaned at 4 mo of age (none of the animals reached puberty before weaning).
Ewes with singles and ewes with twins were reared on different pastures; the twin group was assigned to the pastures with better estimated feed quality. This led to fewer differences in mean weight between singles and twins than expected, based on previous years' results (Lasslo et al., 1985a) . However, the comparisons between lines should be unbiased, because ewes from all lines, within each type of birth group, were run together.
Approximately 4 h after birth, the lambs were weighed and a blood sample was collected from the jugular vein in 5-ml vacutainer tubes with EDTA (K3) as an anticoagulant. The animals were weigh4 and blood samples collected each month until weaning at 4 mo of age. The blood samples were kept in ice, centrifbged, and the plasma stored at -20°C until it was assayed for IGF-I. were eliminated by acid extraction of the plasma and immediate dilution before addition to the assay tubes (Underwood et al., 1982) .
Insulin-like Growth
For acid extraction, plasma samples were incubated with equal volumes of .1 M glycineglycine HCI buffer, pH 3.2, at 37°C for 8 h in 2-ml stoppered polypropylene tubes. After incubation, extracted plasma samples were neutralized and diluted 1:lO with assay buffer (.03 M sodium phosphate, .05% Tween-20, .01 M EDTA, .02% sodium azide, and .2% protamine sulfate, pH 7.5). Plasma samples were M e r diluted 1:20 with assay buffer and 50 ~.LI was used as assay volume.
Assay standards were prepared using recombinant human IGF-I3 as pure standard. Recombinant IGF-I has been shown to be suitable for use as standard in heterologous assays for human (Baxter et al., 1987) and bovine plasma Elsasser et al., 1988 ). An acidextracted plasma p l from 5-mo-old rams was used as assay standard; this standard had an activity of 95 ng of recombinant IGF-Vml. All the plasma samples were assayed with the same batch of labeled IGF-I in a 3-wk period in 15 assays of 240 tubes each. Between-assay variation was found to be 13.6%, and withinassay variation was 9%. The lower limit of detectable IGF-I was 15.6 pg/ml.
In the earlier validation of the RIA by Underwood et al. (1982) , serum was acidextracted for 48 h to eliminate the interference effects of binding proteins. In the course of this study it was determined that an 8-h extraction was sufficient to eliminate such effect. This was validated based on the parallelism of dose-response curves from 8-h acid-treated sheep plasma, human plasma, and recombinant human IGF-I (Figure 1) . Recovery of recombinant IGF-I was 97% for 3.8, 7.5, 15, 30, and 60 pg added to assay tubes containing a standard quantity of acidextracted and diluted plasma.
Statistical Analyses. The data on lamb weights and IGF-I concentrations in plasma at each measured time were analyzed by least squares analysis of variance using the GLM procedure of SAS (1986) . Main effects consisted of line (C, HW, DH), sex, and type of birth (single or twin). within sex and type of birth by the PROC CORFt of SAS (1986) .
Results and Discussion
Monthly measurements from birth to weauing (4 mo of age) of plasma IGF-I concentrations and body weight of lambs classified by line (C, control; H W and DH, selected), sex, and type of biah (singles and twins) are shown in Figure 2 . A clear differentiation in size occurred after 1 mo of age between lines, between sexes, and between singles and twins. With the exception of male singles (the least numerous subclass in each line) at 2 mo of age, the lambs from selected lines were consistently larger than control-line animals. At weaning, selected lines were, on average, 3.8 to 5.0 kg heavier than controls (Table 1) .
The weight dimorphism between sexes (Table   1 ) was paralleled by the IGF-I concentrations in plasma (Table 2) ; males were larger (P < .001) and had higher concentrations of IGF-I (P < .001) in the three lines. There was no clear differentiation in IGF-I concentration between the selected and control lines, although line DH, on average, had higher concentrations of IGF-I in both sexes. There were no significant differences in IGF-I concentrations between singles and twins, although on average singles had higher wncentrations of IGF-I than twins (Figure 2) , paralleling the higher weight of single lambs.
Males lambs had IGF-I concentrations 1.5 to 2 times higher than females. This magnitude of sex dimorphism has not been reported in other animal s p i e s . In adolescent children, AND BRADFORD girls tend to have slightly higher IGF-I concentrations than boys, which is consistent with their more rapid maturation (Harris et al., 1985) .
Correlations between IGF-I concentrations in plasma at 0, 1, 2, 3, and 4 mo of age and 4-mo BW (Table 3) (Rosenfeld et al., 1985) . Furlanetto et al. (1977) reported that growth hormonedeficient children had low concentrations of somatomedin-C/IGF-I, and individuals with acromegaly had elevated concentrations. From this initial report, numerous publications have appeared describing the clinical relevance of IGF-I concentrations in the evaluation of disease states of short stature, growth hormone excess, and nutritional status (Underwood, 1985) . A few earlier human studies reported some positive correlations between IGF-I concentrations and growth rates (Gourmelen et al., 1986; Rappaport et al., 1987) , but there is no consistent evidence in the literature, even in a recent IGF-I review (Daughaday and Rotwein, 1989) , that a positive correlation exists between IGF-I and growth rate in normal individuals.
Genotype 
Wect due to type of birth (P < .001).
keets due to line (P < .OS), sex (P < .001), and type of birth (P < .001).
%ect due to sex (P < .001). 'kffects due to line (P < .001), sex (P < .00l). and type of birth (P < .001). %ffects due to line (P < .OS) and sex (P < .001). From the point of view of evaluating the usefulness of a physiological measurement such as IGF-I concentration at an early age as an aid to increase the accuracy of genetic selection for growth in meat animals, it is essential that a moderately high correlation exist consistently between the two variables.
The sample of animals that we have analyzed does not provide evidence of such an association. The CV of IGF-I concentration ( Table 2) was high, 36 to 50%. These values were two to three times the CV for BW (Table l) , which argues against measurement of IGF-I concentration in plasma as a useful aid in identifying animals with high genetic potential for growth.
lmpllcatlons
The generally positive correlation between insulin-like growth factor I concentrations and growth rates at early ages indicates that insulin-like growth factor I plays a role in growth in sheep, as in other species. However, the rather low values of this correlation and the small differences in insulin-like growth factor I concentrations between the selected and unselected lines suggest that measurement of plasma insulin-like growth factor I is not likely to be a very effective aid to selection for growth rate in this species.
